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The coordination chemistry of the boratabenzene 2 and phospholyl ligands, 3 both isoelectronic to the ubiquitous cyclopentadienyl anion, has been extensively studied in the last 40 years. Although each moiety has individually drawn interest for applications in the synthesis of chiral molecules or 10 assemblies, 4, 5 unusual metal complexes, 6, 7 E-H bond activation (E = H, N, Si), 8, 9 olefin polymerization, 10, 11 and for unusual electronic properties, 12 no species involving both boratabenzene and phosphole rings has been reported yet.
Although borabenzene, boratabenzene, and the phospholyl 15 anion are all aromatic fragments, the phosphorus atom in neutral phospholes has a strong tendency towards pyramidalization, thus reducing its aromaticity. 13 With the exception of few polyphospholes that are fully aromatic, 14 the highest aromatic character in a monophosphole was observed 20 when a very bulky aryl substituent was present on the phosphorus atom. Indeed, Keglevich et al. reported that Bird's index (BI) 15 and the summation of the angles around the phosphorus atom (ΣP), the most important structural parameters for quantifying the aromaticity of a phosphole, 25 were of 56.5 and 331º, respectively, for 1-(2,4,5-tris-tertbutylphenyl)-3-methylphosphole, indicative of significant aromatic character. 16 It was also predicted that good σ donors bound to phosphorus atom would favour planarity of the phosphole. 17 Therefore, based solely on electronic 30 considerations, a phosphole having the -BH2 substituent on the phosphorus atom was predicted to have very high aromatic character. However, the propensity of boryl phospholes to form Lewis acid-base adducts and to oligomerize, prevents their isolation. 18 In our search for novel borabenzene species, 35 we sougth to synthesize a boratabenzene-phosphole, which would be the first example of a monomeric phosphole having a divalent boron bound to the phosphorus atom. This species could then provide additional insight in the long-standing debate on the aromaticity of phospholes. This report describes 40 such a species. The synthesis of the desired boratabenzene-phosphole species was carried out using two different strategies, which are depicted in Scheme 1. The first pathway is based on the methodology developed by Fu, involving a nucleophilic 45 substitution at boron on a borabenzene-trimethylphosphine adduct. 19 The 2,3,4,5-tetramethylphospholyl lithium-TMEDA adduct (1) was added to a borabenzene-trimethylphosphine solution to afford the 1-boratabenzene-(2,3,4,5-tetramethylphosphole) lithium-TMEDA adduct (2) in 80% 50 yield. An alternative strategy, inspired by the work of Piers, 12b involved the use of the phospholyl as a Brönsted base that effected dehydrochlorination of 1-chloro-2-TMSboracyclohexadiene (TMS = trimethylsilyl) en route to the formation of a B-P bond. This reaction, very sensitive to 55 experimental conditions, yielded several products including 2, and more importantly, the 2-TMS-boratabenzene-(2,3,4,5-tetramethyl-phosphole) (3). The solid state structures of compounds 2 and 3 are shown in Figure 1 and confirm that these bicyclic systems are indeed boratabenzene-phospholes and not Lewis acid-base adducts 65 involving the participation of the lone pair of the phosphorus atom. This is demonstrated by the pyramidalization of the phosphorus atom and the negative charge localized on the electrophilic boratabenzene ring, which is bound to Li. The alternative borabenzene-phospholyl structures, where the 70 negative charge is centered on the phospholyl moiety instead of being on the boratabenzene, were determined to be less stable by 8.3 and 14.1 kcal/mol for 2 and 3, respectively, using DFT (density-functional theory) calculations. 20 A list of important structural parameters from both solid state and 75 computational studies are given in Table 1 . The resolution of structures of two crystals of 2 obtained by different crystallization procedures and analyzed using two different Xray radiations (2-Mo and 2-Cu) has been carried out. 21 little π-overlap is observed between phosphorus and boron. The P-B distances in 2-Mo, 2-Cu, and 3 are 1.939(5) Å, 1.953(3) Å and 1.975(6) Å, respectively, which are within 3σ to the P-B distance observed 10 for Fu's boratabenzene-diphenylphosphide (1.968(7) Å). The presence of a trimethylsilyl group on the boratabenzene fragment significantly affects the conformation of the boratabenzene-phosphole in 3. The phospholyl is rotated by 118.3 o around the P-B axis, deviating from the expected 15 mirror plane that would pass through the boratabenzenephosphole if electronic communication between the lone pair of phosphorus and the empty pz orbital on boron would be present. 22 However, complex 2 is rotated only slightly, by 12.7º, which would not prevent such orbital overlap. The BI 20 (36.4-43.2) and ΣP (312.6-313.3º) are both relatively high, 23 suggesting some degree of planarization, even though the presence of methyl groups on the backbone of the phosphole is known to disfavor aromatization in phospholes. 24 A structural comparison of 2 with the data for all 96 phospholes 25 stored in the Cambridge Crystallographic Database indicates that only five of the phospholes have greater BI and ΣP. 25 Three of these molecules have an aryl moiety with large substituants in the ortho position bound to the phosphorus atom 16, 26 and one other molecule has part of the phosphole 30 backbone fused with another ring system. 27 The other species is Cp(CO)2W(3,4-dimethylphosphole) (BI and ΣP are 50.9 and 319.6 o , respectively) where the aromatization of the phosphole is likely favoured by a higher nucleophilicity at phosphorus, which gives it a phospholyl character, and the 35 bulk of the complex. 28 These data suggest that the presence of a secondary borane on phosphorus helps, albeit modestly, promote the planarization of the phosphole.
In order to support the presence of electronic overlap, DFT calculations were done on both 2 and 3. Surprisingly, the 40 optimized minimum for these species (2* and 3*, respectively) both have significant out-of-the-axis rotation, 29.3º and 52.4º, respectively. 29 Whereas for 3* the data suggest some degree of planarization, probably caused by the steric hindrance of the TMS moiety, the BI (33.1) and ΣP
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(304.9º) for 2* are both lower than observed in the solid state structure. Although they are not absolute minima, several lowenergy rotamers of 2 can be observed. Among those structures, 2' has a mirror plane passing through the P-B bond and is structurally closer to the solid-state conformation 50 observed for 2. With this model, the BI (36.3) and ΣP (314.2º) are both more important than in 2* and the P-B bond length is shorter (1.949 Å vs 1.956 Å). Since the effect is marginal, it suggests that the stronger σ donation of the boratabenzene, rather than an electronic communication between the electron 55 lone pair on phosphorus and the empty pz orbital on boron, causes this phenomenon. Also, the planarization might be favoured by solid state packing, although the shielding of the phosphole resonances in the 13 C NMR spectra by an average of 2 ppm in 2 as compared to 3 is an indication that these 60 slight deviations are likely present in solution. 16 A careful analysis of the frontier orbitals on an artificially planarized structure of 2 was done in order to better explain the marginal -donation. Surprisingly, it can be observed that the orbital expected to be the HOMO for a planar 65 bortabenzene-phosphole, which represents the π interaction between the boron and the phosphorous, is instead the LUMO. Indeed, the HOMO corresponds to an anti-bonding orbital between the  system of the boratabenzene and the p orbital on phosphorus, which destabilizes the planarity greatly. 70 Therefore, a logical strategy for destabilizing the latter orbital and increasing the Lewis acidity on boron is to coordinate the system of borabenzene on a transition metal. Indeed, Fu reported that the coordination of the borabenzene moiety on chromium significantly enhanced the Lewis acidity of the 75 borabenzene and increased the B-O double bond character between the boron center and aldehydes. 30 In the work described herein, reaction of two equivalents of 3 with FeCl2 in THF yielded an orange powder corresponding to bis(1-boratabenzene-(2,3,4,5-tetramethyl-phosphole)) iron(II) (4) . 80 This sandwich complex displays a single broad resonance in the 31 P{ 1 H} NMR spectrum at -11.5 ppm and borabenzene resonances in the 1 H NMR spectrum that are significantly shielded compared to the starting material, which is expected from a coordination of a boratabenzene moiety to iron. 31 The 85 connectivity of compound 4 was confirmed using X-Ray diffraction studies (Scheme 2).
Scheme 2. Synthesis of boratabenzene-phosphole iron(II) complex 4 and its ORTEP diagram (50% probability ellipsoids).
Surprisingly, coordination of the boratabenzene on iron(II) 90 does not seem to have an impact on the planarization of the phosphole, as the relevant structural parameters point against it (BI of 33.0 and ΣP of 310.0º). Indeed, it can be calculated using DFT that the empty pz orbital does become more electrophilic, but that it interacts very strongly with the filled 95 3dxy orbital on the iron atom (HOMO-4) rather than with the lone pair on the phosphorus atom, the former orbital gaining stabilization by more than 50 kcal/mol.
Conclusions
We succeeded in characterizing the first boratabenzenephosphole adduct and in coordinating it to iron(II). These species represent the first "free" borylphospholes. 
